
“..
.

.-

NAT&lL ADVISORYCOMMITTEE&ORAEROtiAmICs~ —–-&—.

.. . -.

~ . . ... . ----

Noo289

1\’. -

..

1
..

—.
.

,. ---—

VARIABLEDENSITYWINDTUN~L

ByJame$M.Shoemake~
LangleyMemcmtalAeronauticalLaboratory

L=.
,. !,..,. -.+ Jil

Washington
June,1928

. .

- -:



.

b NATIONALADVISORY00MMIT??EEFORAXRONAUTICS.

TECHNICALNOTENO.289.

&

●

.

1,

1
1

PI?ELIMINAIWBIPLANETESTSII?THE

VARIAiLEDENSITYWINDTUNNEL.

ByJamesM. Shoemaker.

almmary “

BiplmecellulesusingtheN.A.c.A.-M6airfoilsection

havebeentestedinthevari~bledensitywindtunnelof,ihe

liation~,AdvisoxyCommitteeforAeronautics.Threecellules,

differingonlyintheamountof sta&er,weretestedattwoair

densittes,correspondingtopressuresof oneatmosphereandof

twentyatmospheres.Therangeof angleofattackwasfrom-2°

to+48°. Theeffectofstaggerontheliftanddrag,andon

theshieldingeffectoftheuppezwingby thelowerathighan-

glesofattackwasdetermined.

● ✎

Introduction
.

Confirmationsofthebiplanetheory,andthevariousempir-

icalbiplanecorrectionsingen~tiuse,haveforthemostpart

beenobtainedin atmosphericwindtunnels.Thepresentseriesof

testswasconductedinorderto findwha%effectthedynsrho

scalehasontheaerodyn~iecharacteristics,ofbiplanecellules

similartothoseingeneraluse,andto determinetheadvisabil-

ityof amoreextendedb~p~~eresearchinthevmiabledensity

.
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windtunnel., Itwasalsodesiredtofindtheeffectofpositive
a
, staggeratlszgeanglesofattack,forusein’thestudyof

stalledflightandtailspins.
‘.

MethodandApparatus

Twoduraluminmodelsof

inchchordand30-inohspan,

to formthebiplanecellule.

theN.A.C.A.-M6airfoil,having5-

wereassembledonduraluminN-struts

ThreesetsofN-struts,designedto

givestaggersof zero,15 degreesand30 degrees,wereused. As

willbe seeninFigure1, theairfoilsweremadewithtrailing

edgeflaps.Theflaphingeswerepinnedintheneutralposition
L forthesetests,givingthenormalM6 airfoilexceptforthe

slightgrooveatthehinge.
●

Theaodelwasmountedin a mzcnnersimilartothatgenerally

rusedinthistunnel,describedinReference1. Inordertoreach

anglesofattackof48degrees,theverticslsupportswerehinged

atpoints15 inchesbelowthepointof attachmenttothelower

wingofthecellul.e.Streamlinedshieldsfastenedtothetunnel

floorwereplacedoverthepartofthesupportsbelowthehinge.

TworunsweremadeonthecelluleforeachsetofN-struts,

usingpressuzesinthetankenclosingthetunnel(Reference1)

of oneatmosphereCanaltwentyatmospheres.Theangleofattack

wasvariedfrom-2°to+32°by 2° intervals,sndfrom.+32°to
●

+48°by 4° intervals.Sincethecounterweightonthedragbridge.
● of thebalazzce(Reference1)was@sufficientforthedragsob-
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tainedatthehigherangles,thetwenty-atmosphererun6were

madeintwoparts.Thefirst,withthenormalcounterweight

coveredthelowerangles,up tovaluesofthegrossdragof45

kg (99.2lb.). Fortheseoondpaxtanadditionalcounterweight

of 50kg (110.2lb.)wasplacedonthedxagbridge,andthetest

continuedto4S0angleofattack-Theusualdata,permitting

computationoflift,drag,Wd pitchingmomentcoefficientswere

obtainedfoteachmgle of attack.

Results

Thedatafromthetests,reducedto absolutecoefficients,

wiilbe foundinTable8-~”toVI, Thecurvesof CD,andL/D,

plottedagainstliftcoefficientsasordinates,aregivenfor. .
theone-atmospheretest-sinFigure2, andforthetwenty-atmos-

pheretestsinFigure3. Sincethedragcoefficientsbecome

verylargeatthehigherangles,thesefiguresonlyshowthe

dtagcurvesto a fewdegreespasttheburblepoint.The‘ltrueH

polaxcurves,i.e.,withequalsoalesofliftanddragcoeffici-

ents,willbe foundforthefullrangeofanglesinFigures4

and5. ThecurVesof GM plottedagainstliftcoefficientare

giveninFigure6.

UsingthePrsadtlcorrectionforthetunnelwalls(Refer-

ence2):
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where CDi

‘“CL

D

s

k

b

Thentheinduced

~Di

Substitutingthe

CD●2

theinduceddrag

cDi

Thisdata

airforwhich

NoteNo.i!89

induceddragcoefficient

liftcoefficient

throatdiameteroftunnel= 60 in. .

area= 300Sq.in.

biplanecoefficient= 1.11

span= 30 in.

dragcoefficient

CL2 S=—
(m-

-QTr 23/.
abovevalues I

8

ofthebiplaneinfreeairis..-
= (GL2#
j,?-kz;”bj,s

4

isthendirectlyapplicabletoa biplaneinfree

s~. = .282

Theaspectratioofonewingof a biplanewithequalwings
aba

. ‘ is ~, thereforetheaspectratioofonewingof theequiv~
2lentbiplaneinfreeairis ~ = 7010*

b

Thevalueof k, whichdependsupon

takenfromemptric~data(Reference3].

assumed.thespan-gapratioof theequivalent-,.
● willalsobe6, tl+esame’asthatofthewind

thespan-gapratio,is

Sincea constantk is

biplaneinfreeair

tunnelmodel.

---
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a- Thecurvesofprofiledragcoefficientcomputedfromthe

twentyatmospheretestsplottedagainstl’iftcoefficientme

showninFigure7. Onthissheetisplottedalsotheprofile

dragcoefficientforanM6, 51!x 30U,

proximatelythesameReynoldsKumber.

obtaintheprofiledrag,correetedfor

Prandtlformula(Reference2) are:

monoplanetestedatap-

Theequationsusedto

tunnelwalleffectby the

Profiledragcoefficient= c% = ~D- CDi

cDi
0L2St(forthemonoplane)= ~ (1- .%.) “

● ’
% Valuesof S,b=,andD arethesameasgivenabove;St

forthemonoplane= 150sq.in.
‘%

isplottedforeachofthe

biplanearrangementsusing k = l.~1. Fortheconditionof

ZerO St~ger CD
P isalsoplottedusing k = 1.15-,as isex-

plainedbelow.

. Di s cus s i on

Figures2 and3 showthatthedragcoefficient,overthe

useful.rangeoftheairfoil,becomesgreaterwithincreasing

stagger.Thisisparticularlytrueat thehigherliftcoeffici-

. ents,whichindicatesthatstaggerincreasestheinduceddrag,

probablybecauseofthedownwashoftheupperwingaffectingthe
.

I lowerwingmoreasthelatterisdtsplacedaft. Thedynamic
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scaZeseemstohavelittleeffectonthisphenomenon.

Theorderofmaximumliftcoefficientofthecellulesisre-

versedby Increasingthescalefromthatoftheoneatmosphere

testtothatofthetwenty.TheunstaggeredcelluleSIIOWSthe

6

greatest maximumliftcoefficientattwentyatmosphereswhilethe

cellulewith30°staggershowsthegreatestatoneatmosphere.

, At verylargeanglesof attacktheliftcoefficientsndtiagco-

efficientbothareincreasedby increasingstagger,regardless

of thescaleof thetest.Tli?sistobe empected,sinceincreas-

ingstaggerdecreasesthemo~t of shieldingoftheupperWiilg

by thelower,thusincrcasin$theresultantforce.

Thecoefficientofthemomentaboutthequarterpointof

themeanchordof eaohcelluleisnearlyconstantovertheusefulf.

rangeoftheliftcoefficient.~n accountofthestablech~ac-

teristi.csoftheM6 airfoil the momentcoefficientIS verysmall

in allcases.Increasingstaggerhastheeffectof displacing

themoinentcoefficientinthepositivedirection,fortherange

illwhich CM isapproximatelyconstant.Thisisno doubtcaused

by thedownwashoftheupper

effectsomewhatlikethatof

Figure4 showsthatthe

staggeredcellules,obtained

wingactingonthelower,givingan

negativedecalage.

profiledragcoefficientofthetwo

byusingthevalue1.11for k,
.

agreesverywellwithtestof theM6monoplane.Atvaluesnear

zeroliftthe CD
P

ofthebiplanesishigherthanthatofthe

monoplane,proballybecauseof thedragandinterferenceofthe
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N-struts,forwhichno correctionhasbeenmade. Accuratedeter-.
minationoftheprofiledragcoefficientatthehigherliftcoef-

ficientsismoredifficult,andtheconsequentscatteringo~ .

pointsisofthesameorderasthisdifferenceatzerolift;

however;thecurveslieveryclosetogetheruntilmaximumliftis

a.ppzoached.Theagreementjustifiestheassumptionofthisvalue

of k fo-rthetwostaggeredcellules,sincetheexperimental
,

methodofdeterminingk consistsofchd”osingonewhichwill
.

givea profiledrag.curvecheckingthatof a

section.inquestion.

Theunstaggered
*

a muchlowerprofile

biplane,however,using

dragthanthemonoplane

monoplmeofthe

k= 1.11, shows

orthestaggered

. biplanes,fortherangeof CL between.5and1.2. Thediscrep-

sncy,whichincreaseswithincreasingCL, issolaxge%hatap-

parentlythevalueof k = 1.11 givestoogreatinduoeddrag

forthiscellule.Thevalueof k requiredtobiingthisc!urve

intoagreementwitfitheothers,wasde%ermified,‘hndfoundtobe.
1.15,whichisaboutthesameasthetheoreticalmaximum“vs3ue ~’

of-k forspan-gapratio6 giveninReference3. Usingthis 1.

valuetheprofiledragcurveoftheunstaggeredcelluleagrees

verywellwiththoseofthestaggeredoellulesusing k =-l.ll,

andofthemonoplane.Consequently,it isonlyreasonableto

, concludethattheareaoftheequivalentairstreamIsactually

largerfortheunfitsggeredcellulethanforthosewithstagger,
.

resultingina lowerinduceddragfora givenliftcoefficient.

*
,s
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.
. Conclusions

.
Theresultsofthetwentyatmospheretestaredirectlyappli-

cableto a fullscalebiplmeinfreeairof span-gapratio6,
.

andaspedratioofeachwingof~.10.
i

Theyincludethedrag

andinterferenceoftwoN-struts.

lNhilethissetoftestsis.notsufficientlycbmpletetobe

conclusive,itgivesthefollowingindications:thatpositive

staggerincreasestheinduceddrag;thatitdecreasesthemaximum

liftc,tReynoldsNumbersneoxfullsccle;andthatitdisplaces

-the,momentcoefficientin thepositivedirection.Sincethese~,
* conclusionsconcerningliftanddragaredirectlycontraryto

theempiricalcorrectionsKOWingeneraluse,furtherdataisde-
.

sirable,anda moreextensiveresearchon-biplaneswithv~ious
~’” combinationsofgap,stagger,anddecalagewillbemadeintheI

variabledensitytunnelinthenearfuture=

LangleyField,Vs.,

,

.
.

.- .’-
--.,..--
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TABLE

M6 biplane
Zerostagger
Av?tankpress.= 1 atm.
Av.dynamicpress.=25.2kg/ma
Av.ReynoldsNumber= 1~3,000
Av.temperature= 19°0.

9

Jim

Span= 30 in.
[
76.2cm

Chord= 5 in. 12.7cm1
Gap= 5 in.(12.7cm)
Effectiveaspectratio=7.10
Axes= 0.1936m2 2W&a
Date= ~OV* 24,1926.

A#kof Lift Drag
coefficientcoefficient

degrees GL .CD

-2
0

+2
t
1:
12
14
16
18
20

::
26
28

%
36
40
44
+48

-.044
+.056
.203
.356
.472
,597
.?2s
, a$4t
,896
p903
,888
.810
.718
.693
‘.675
.675
.684
.705
●711
.698
.655

+.596

+.!3220
.0186
.0189
.0247
.032&
●0413
,0547
.0689
.0830
.0994
●1499
.2300
.2909
.3292
.3643
●3951
.4380
●4746
‘.5526
.6142
.65S6
+.6992

-2●00
+3.01
10.?5
14.41
14056
14045
13.25
11.81
10.79
9-06
5.92
3,52
2.47
2.10
“1,85
1.71
1.56
1.49
1.29
1.14
1s00
+ .85

-●012
-o024
+.001
-,007
-.018
-.025
+.017
-*Ooy
+,011
.000
-.023
-.065
-.o89
-.095
-gio~
-,114
-.125
-,113
-.154
-.159
-●166
-.198

.
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M6,biplane
= ~ ,n ;l$~j:] ~--

Spti= 30 in~
!%erostaggez “\ Ch@d = 5,in~
Av~tankpress.= 2$.0atm. Gap
AV.dynamicpress.= 552kg/ma ~;ff~otive&pect”ratio=~.10
A?4ReynoldsNumbex= 3,400,000 - Ow1936rn~
Av.temperature= 39°C. jat~1 hV. 24,1926.

Angleof
attaek,
degrees

26
28
30
32

:;
44
+48

Lift
>oeffioien$

CL

-,085
+●043
.164
.298
.424
●547
.67~
.800
●917
1●037
1.133
1.225
1,242

●&5
+.575

Drag
coefficient

CD

+.0143
.012?
●0143
.0185
●0246
●0331
60454
.0583
.0742
.0946
.1138
.1362
.1762

,4121
●4439
.56~~
.6190
.6508
+.6558

RatiO

L/D

Moment
coefficientCM
(about25$mean

chord)

-5*94
+3.381
11.55
16?11
17.24
16t47
14.86

-.016
-.005
-,001
+.011
-1-.C)14
+.012
+.003

““+.008
-*003

~,+,(3(33
+.ooy
+.015
+.ooy
::m:

-.093
-.112
-.11?
-.14’4
-.144
-A129
-.lo~

.

.

,

.
.r, -
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TA3LX”111.
●

M6 biplsne Span= 30 in.
[
76.2CM

15°stagger Chord= 5 in. 112.7cm -
AVYtankpress.= 1 atrn. Gap= 5 in.(12.? cm)
Av?dyfiamicpress.= 25.2kg/nz Effectiveaspeotratio=7.10
Av.ReynoldsNumber= 173,000
Av.temperature= 20°C.

Area= 0.1936m2
Date= Dec.2,1926.

Angie of Lift Drag
attack coefficientcoefficient
degrees dL CD

-2
0
+2

:

. 1:
12
14. 16
18
20

::

%

%
.. 36

40
44
+48

-*044 +.0229
+.070

●221
● 367
●496
.617
●732
,822
●900
.932
.922
.834
:7~4

.755

.732

.739

.746

.752

.754
●714
+.6?9

J#$
.029;
,0363
●0473
●0595
.0739
●0909
●1059
●1515
.2279
●3064
;:::;

●4311
●47go
.5089
.5958
.6713
●7341
+.~993

Ratio

L/D

-1.92
+3.33
10.00
12*4O
13.66
13.05
12.30
11.12
9.90
8.80
6.09
3.66
2.61
2.12
1.89
1.70
1*5Y
1.47
1.26
,1●12
,97
+.85

Moment
coefficientCM’
(about25%mean

chord)
-.010
-,001
-a003
-.008
+.011
-.014
-.029
-*022
+.003
+.002
-.o18
-.048
-.090
-.132
-’155
-.163
-.160
--.178
-.232
-.259
-.269
-.285
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TABLEIV.

M6 btpl&e
[

Span= 30in. 76.2cm
15°stagger 1Chord= 5 in. l~~?Gm
Av.tankpress.= 20.8atp. Gap= 5 in.(12.7cm)
.Av.dynamicpress.= 581kg/m2 -Effectiveaspect-iatio=~.10
Av.ReynoldsNumber= 3,510,000 Area= 0.1936ma
.Av.temperature= 34*C.

.

Angleof
attack
degrees

-2”
o
+2

:

1:
12

, 14
16
18
20
22
24
26
28
30

:: ,
40
44
+48

Lift
coefficient

u~

-.072
i-.052

●175
●300
.422
●54Z
,671
■?85
.$~y
1,016
1,130
1,18%
1.183
1.164
1.083
1●001
,894
.$39
.788
.?72
‘.722
+.660

12

Date= Dec.3,1926’.

Drag
coefficient

CD

+.0140
.03.28
,0143
.0182
●0248
.0341
.0463
●0599
.0759
●0955

. ~1148
*-1405
.1856
.2262
.2953
.3424

● 4;;

.546 i
●6465
.7018
+,?444

Ratio

b/D

-5.14
+4.06
12.30
16.50
16.98
15.90
14.49
13.s1
11.82
10.64
9.67
8.4~
6.33
:::$

2.92

Z:;2
1*44
1*2O
1,03
+0.89

Moment
coefficientCM
(about25%mean

chord)
-.oo8-
WO003

●000
+.011
+.Ooy
+.005
+.,008
+.009
+0017
+.023
+ ●002
::4:$
-.d33
--.Q69
-.0?4
-*084
-.161
‘-.166
-.192
-.185
-.M4

●
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● TABLEV.

M6 biplane Span= 30in.
[
76.2CHI

300 staggez Chord= 5 in. 12.?cm{
Av?tankpxess.= 1 atm, Gap= 5 in.(12.7cm)
Av.dynamic~zess.= 25.6k~/m~ Effectiveaspectratio=7.~0
Av,R~ynolds-Npmber= 175.0~0
Av.temperature= 18°C,

Area= 0.1936m~.
Date= Dec.7,1926.

Angleof
attack
degzees

● 14
16

;

2:
28
30
32

E
44
+48

Lift
coefficient

CL

-.042
+.071
.2i5
●363
●501
.619
●741
●046
.908
.935
6868
,837
.825
.820
.804
.?98
.?97
.~oi
.804
.805
●786
+.753

Drag
coefficient

CD

+.Q253
.0195
.023S
m0286
●0388
.0496”
.0699
.0839
.0998
.1261
.2063
.2450
.2974
.3592
,4261
.4661
.5086
.5473
.63~5
.7245
.8036
+.8838

Ratio

LID

-1●66
+3.64
9.04
12.69
12.91
12q47
10.s0
10.08
9.10
7*41
4.21
3.42
2*77
2.25
1.89
1*Y1
1.56
1.46
1.26
1.11
.98
+.85

Moment
coefficientCM
(about25fimean

chord)

-,001
-.008
+.004
-.Ooy
+.018
-*019
-.005
+.021
i-.020
-.010
-e040
-.066
-.085
-.135
-.162
-.145
-.209
-.203
-.250
-.276
-,293
-.366
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TABLEVI.

bi6biplane
[

Span= 30in. 76.2cm
30°stagger 1Chord=5 in. 12.7Cm .
AY~tankpress.= 20.76atm. Gap= 5 in.(12.7cm)
Av~dynamicpress.= 608kg/ma Effectiveaspect’ratio= ?.10
Av.ReynoldsNumber= 3,680~000 Area= 0.1936mz
Av.temperature= 29°C. Date= Dec.7,1926. “

Angleof
attack
degrees

-2
“o
+2

. :

. 1:
. . 12

14
16
18
20

X
26
28.
30
32

::
44’
i-48.

Lift Drag
coefficientcoefficient

CL CD

-.069
+●043
.182
.321
.452
.5?8
.710
.830
.954
1.063
1.161
1.182 ‘
1.160
1,134
1.080
1*014
,984
..927

●864
.8X2
.776

+*738

I

+=Q33a
●013Z
●0148

I ●0666
.0865
;1062
#1308
.1761
,2??11
.2707
,3i,8~
.3894
.4495
.5093
.6052
.6940

RatiO

L/D

-5:0
+3.4
12.3
16.1
~6,4
15,24
13.81
12.5
11005
10●00
8.81
6.71
5.02
4,19
3.38
2.60
2.19
1.82
~.43
1.lJ
1.02
+.89

Moment
coefficientOM
(about25%mean

chord)
+.002

●013
,008
.031
●022
,033
.022
i025
●017
.029
+.006
-.005
-9043
-.069
-.093
-.141
-.185
-.171
-.205
-.229
-.,225
-.243

9

.

●

●

“, .
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TABLEVII.

TableofOrdinates

N.A.C.A,-M6Airfoil

?-m
2-1/2
5
7-1/2
10

%
30
40
50
60
70
80
90

1%

Ordinatein$ chord
Upper I Lower

●00
+1,9?
2.81
4.03
4.94
5.71
6.82
7.55
8.22

4.58
3.06
1.55

●88
+.26

●00
-1*76
-2.20
-2.?3
-3.03
-3,24
-3,4?
-3.62
-3;79
-3*3O
-3.94
-3.82
-3.48
-2.83
-1.yy
-1.08
- .26

15

.
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Fig.1 M-6 biplanewith15° s~ag~er~
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Fig.2 PolarandL/Dcurves.M-6,5tFby 30”biplane.

5“gap.1 ~tmosphere,AverageReynoldsNo.174jO00.
,.
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Fig.3 PolarandL/Dcurvss.M-6,5!iby 3011biplane,5W
atmospheres.Avera~eReynoldsNo.3,500,00C),
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c!?
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●

Fi$.4 Truepolarcurves.M-6,5Hby 30ifbiplane.
51!gap.1 atmosphere.AverageReynoldsNo.
174,000.



N.A.C,A.TechnicalNoteNo.289

1.3

1’.2

1.1

1.0

0.9

0.8

0.7

QO.6u

0.5

0.4

0.3

0%2

0..1

0

-91
Q ●2I .4 .(5 .8

CD
*ig.5 Truepolarcurves.M-6 5“ by 30” biplane.5“ gap.

20atmospheres.AverageReynoldsNo.3,500,000.
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